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QUINOUC ACID DERIVATIVES 
FIELD OF THE INVENTION 
The present inventioD relates to agents useful in modify- 
ing neurocxdtation through exciuto'ry amino acid aniago- 5 
nisis. More particularly, the present invention relates to 
agents which interact with the N-methvi-D-aspariate 
(NMDA) receptor complex. 

BACKGROUND OF THE E^VENTION 
^^tstOTf amino acid neurotransmitter systems are 
imporum in memory and teaming (Izumi et al.; Moths et 
al.). A specific set of excitatory receptors of particular 
inttrest arc those that selectively bind N-methyl-D-aspanic 
acid (NMDA). Activatioo of this transmitter system is 

protMWy a necessary step in the early formation of cmain 
types of memory (Collingridge et al.). yet over-stimulation 
of these reoeptois can be toxic and result in cell deadi 
(Rondouin et al.). Thae is an increasing bodv of evidence 
dMt exdtattty amino acid neurooransmioer systems arc 

progressively affected in the course of Alzheimer's disease 
(Greenamytc. et aL: Foster et al.; Penney et al.). and have 
been implicated in a number of central nervous system 
(CNS) disc^ders including epilepsy (Wong et al.). hypoxia/ 
ischemia brain damage (Rothman). Huntin«ton's disease 
(Young et ai.). AIDS encephalopathy (Giulian et al.). and 
amyotrophic lateral sclerosis (Spencer et aL). 

Epilepsy, for example, is a complex disease process which 
is stiU pooriy understood. A ceUular or biochemical ctioiogy 
cannot usually be identified. Treatment is gcneraUy focused 30 
on seizure controL with hopes that the condition wiU atne- 
lionte on its own. Unformnately, drug ihenpy for seizures 
is subject to much individual variation. Thus, treatment is 
frequemly by trial and erroL Various combinations of drugs 
in VMious dosages are typically administered in an effort to 35 
provide sosot degree of seizure control without causing 
overt neurotoxicity. Unfortunately, some 2(M0% of epilep- 
tic patients faa to experience saiisfaaory results witfi the 
drugs cwrently available (Gochring et aL, 1990). Moreover. 

many <rf these drugs produce troublesome side effects when 40 
administered over the long time periods required in 
treatment, which frequently spans years or n^^^n^^ jjjg 
design of drugs which aa only at sites or inappropriate 
neuronal excitation should minimize unfavorable side 
effects such as ataxia and sedation. To this end. we have 4, 
sought to develop compounds that wiU selectively attenuate 
activity at specific subsets of excitatory neuroreceptors. 

The NMDA-sensitive receptor sites comprise a subset of 
the exciutory neuroreceptors that arc activated by 
L-ghitamic add. The NMDA neuroreceptors are linked to 50 
non-selective ion channels (Nowak et aL. 1984), which are 
voltage dependent and permeable to calcium. The receptor 
complex also has a strychnine-insensitive binding site fot 
glycine. For channel opening to occur. aoparenUy both 
gluttmate and glycine binding sites must be occupied 55 
(Johnson and Ascher. 1987>. Consequently, antagonism of 
glycine binding inhibits NMDA responses (Kemp et al.. 
1988). Since glutamate functions as an excitatory 
neurotransmitter, it is not surprising that inhibitors of 
NMDA activity have anticonvulsant properties (Dingledine ^ 
ct al., 1990). The quinoline derivative T-chiorokynurenic 
acid is a compctiiive inhibitor of glycine binding at the 
NMDA receptor, and this is thought to be the mechanism of 
Its anticonvulsant activity ( Wong et ai.. 1986: Singh et aL. 
1990), 

There is evidence that NMDA rccepiors arc responsible. ^ 
It least in pan. for the neurotoxicity seen m ischemia, and to 
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exciutoxic cell death (Rondouio ct ai. ). Exciutooudty is the 
aeuronai degeneraoon caused by exposure of central ner- 
vous system tissue to excitatory ainino acids. It has been 
shown that non-competitive antagonists of NMDA receptors 

s protect cortical and hippocampal cell cultures against 
i giutamate neurotoxicity (Rondouin et al.). Calcium entry 
through the NMDA receptor channel is thought to be the 
mechanism by which glutamate released from nerve cermi- 
i nais can regulate long-term physiological events and. under 

10 pathological conditions, precipitate neurodegencration. in 
addition, it has been recently reported that the glycine 
I NMDA receptor is involved in the behaviorai effects of 
I cocaine (Moirow et aL. 1995) and in ethanol activity in the 
' CNS (Monis and Leslie. 1996). NMDA receptor antagooisu 
i 13 have also been shown to possess analgesic iDIckensoo and 
Aydar. 1991). anti-depressant (TniUas and Skoinick. 1990). 
and anxiolytic effects (Kehne et al.. 1991). Compounds of 
the present invention may accordingly be useful in the 
management of pain, depression, and anxiety, and in the 

20 prevention or reduction of dependence on addictive agents 
such as narcotics. 

It should be feasible to design and synthesize efficacious 
amino acid analogs as therapeutic agents for the NMDA 
receptor complex once binding characteristics are tmder* 

^ stood. However, it needs to be remembered that a simple 
agonist for the NMDA receptor could be neurotoxic while 
an antagonist might potentiate memory loss. Research relat- 
ing to the present application has been directed towards the 
glycine modulatory site on the NMDA receptor complex 

30 (Johnson et aL). Development of a strategy for phazroaco- 
logical intervention at this site should lead to the production 
of drugs with mixed agonist-antagonist activities that could 
be clinically useful while having minimal side effects. 
Although potent glycine site ligands have been synthesized. 

3^ in most cases these have had poor in vivo anticonvulsant 
activity (Rowley et aL, 1993: Leeson et al.. 1992). We have 
reported previously on several kynurenic acid derivatives 
that had anticonvulsant activity (Nichols and Yielding. 
1993). These compounds also compete for [^H1-giycine 

^ binding in synaptosomal assays. Leeson et al. (1992) 
showed that in another series of rigid ring glycine ligands. 
the 2-carboxytecrahydroquinolines. 4-urea derivatives were 
more potent glycine antagonist than either 4-amines or 
4-amides. However, the 2-carboxytetrahydroquinoline 

43 derivatives had poor in vivo activity following intrspento- 
neal (ip) or intravenous (iv> administration (Leeson and 
Iversen. 1994). 

In an effort to produce anticonvulsants with in vivo 
potency, we have synthesized a unique series of 4-urea-5. 

^ 7-dichlorokynurenic acid derivatives. These were evaluated 
for anticonvulsant activity in maximal electroshock (MES). 
subcutaneo us pen tyienetetrazole (Met), and threshold tonic 
extension (TTE) tests. They were also assayed for 
sorychnine-insensitive glycine binding inhibition using a 

33 synaptosomal membrane preparation. One compound was 
also tested for phencyclidine (PCP) activity at the NMDA 
receptor, and for GABA-A effects. 

SUMMARY OF THE PRESENT INVENTION 

60 Coupled to the N-methyl-D-aspartate (NMDA) receptor 
complex is a strychnine-insensitive binding site for glycine. 
Pharmacological antagonism of glycine at this site may 
produce anticonvulsant activity. Twelve derivatives of 5.7- 
dichlorokynurenic acid were synthesized with an urea sub- 

65 stituent at the 4. position. Various hydrophobic 
di -substitutions were made on the terminal nitrogen of the 
urea group. The lead compound in this series was 2- methyl 
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carboxyiaie-5.7-(lichioro-4-i | ( diphenylamino t-carbony ii 
aoiinol-quiaoline. Diethyl. diincthyL dibutyl and 
3-mcthoxycliphcnyi amino derivatives were also produced. 
Both 2-caiboxyiic acid and 2-ester derivatives (ethyl and 
methyl) were synthesized. Each compound was evaluated 5 
for in vivo anticonvulsant activity using two or three dif- 
ferent testing protocois. and an in vivo screening tor neu- 
rotoxicity was also conducted. 

Of this group, only two compounds did not show any in 
vivo activity. One compound, an N.N-dicthylamino 
derivative, was the only analog which proved to be neuro- 
toxic in the rotorod test Two of Che analogs had MES 
activity, both of which were 2-carboxylic acids. The other 
seven compounds ail demonstrated TTE anticonvulsant 
activity at 100 mg/kg. TTE effects were seen in both acid 
and ester derivatives. Compounds with N.N-diethyl. 
dimethyl, dibutyl. and diphenyi substituencs were active in 
TTE testing as was the 3-mcthoxy-diphcnylaminc deriva- 
tive. An ED30 (effective dose) value for TTE activity was 
generated for 2-mcthyl carboxylatc-5.7-dichloro-4-(( 2C 
(diphenyiamino)-carbonyi|amino|-quinoiine: 134 mg/kg 
(95% Conf Inulow-78.5.high-205.7; slopc=l.9. S.E=0.44). 
None of these derivatives were active in the Met test even at 
the 300 mgflLg dose. 

Seven selected compounds were screened for 1-5.7- "-^ 
dichlorokynurcxuc acid displacement at a single dose of 10 
uM. The greatest displacement was seen in derivatives 
having 2-carboxyiic acid. The least was seen in compounds 
having 2-ethyl esters. As a group, the methyl esters fell ^ 
somewhat inbetween. 

Dose-response displacement assays were conducted using 
2-methyl carboxylate-5.7-dichloro-4-l [(diphenylamino )- 
carfoonyllaminol-quinoline and |^H)-TCP (both with and 
wiAout added glycine), and [^H|-muscimoL Displacement 
of (^H|-TCP binding was assayed in the presence of 10 uM 
L-glutamic add and 3 uM glycine. This assay was con- 
ducted twice with tiipiicate samples and concentrations of 
test compound ranging from 1 uM to 5 oM. No significant 
effect on (^HI-TCP binding was observed in this assay. ^ 
Repetition of the TCP displacement experiment with 
L-glutamate but no added glycine gave similar results over 
a dose range of 5 uM to 10 nM. A synaptosonud conopetition 
binding assay was also conducted using 2-methyl 
carboxyUtc-5.7-dichloro-4-(((diphenyiamino)-carbonyll 
amino i-quinoiine and the Ugand (^H1-muscimol. The pur- 
pose of this experiment was to chedc for activity at the 
GABA-A receptor complex. No significant effects were 
observed. The compound 2-methyl carboxyiate-5.7- 
dichloro4-|((diphenylamino)-carboQyl|amino|-quinoline 
also tested negative for PCP activity at the NMDA receptor, 
and for GABA-A effects. 

The quinoline and Icynureiun derivatives of the present 
invention have affinity for the glycine binding site of the 
NMDA receptor. Compounds of the present invention 
should be usable for the treatment of epilepsy, neurodegen- 
erative diseases, and other syndromes involving inhibition 
or excessive stimulation of the NMDA receptor complex, 
and for the prevention of ischcmicrtiypoxic damage to 
cerebral tissue. 60 

DETAILED DESCRIFTION OF THE 
PREFERRED EMBODIMENT 

Syntheses— All chemicals for synthetic procedures were 
obtained from Aldrich (MOwauicee. Wis.). The procedure of 65 
Harrison ct al. (1990) was used to make both methyl and 
ethyl esters of 57*dichiorokynurcnic acid. In accordance 
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with this procedure, cither dimeihyt or diethyl acetylene 
dicaitx>xylate was rcfluxed with 3.5-dichloroaiuliae in abso- 
lute methanol, or ethanoi. respeciiveiy. Following solvent 
removal by evaporation, the product was added to mineral 
3 oii at^SO^ C jo^iagn^c corresponding 2-esicr of 5.7- 
l^,>.^^'3iaSSrS5mfflM^ of the 4-hydroxyl 

group with an amine was accomplished using 
4-tolucnesuiphonyl isocyanate (Wright. 1984) refluxed with 
icetonitrile^lfhe resulting tosyiimino derivative was reacted 
first with tnphosgene in anhydrous pyridine at room tem- 
perature and then with a secondary amine having the desired 
substitution groups attached thereto, also in anhydrous pyri- 
dine. Ammonia is substituted for the secondaoy amine if 
hydrogen is desired in substitution positions Rf and R^. 
15 described below. Detosylation of die resulting compound in 
cold sulfuric add (approximately 0"* C.) gave the 5.7- 
<lidil0!ro4-urea-2-quinoline methyl (or ethyl) caifooxylate. 
Ester hydrolysis with lithium hydroxide was used to gener- 
ate the 2-carboxytic adds. 

Piperidine and piperazine derivatives were also synthe- 
sized from the tosyiimino derivative. For these compounds, 
the 4-amiao quinoline compound was detosylated and then 
reacted with a stoichiometric concentration of thpfaosgene in 
anhydrous pyridine. On completion of this reaction, a sto- 
ichiometric amount of the cyclic amine was added to form 
the corresponding 2-eihyl(or methyl>-carboxylate-5.7- 
dicfaloro4-([(piperidino or piperazino )-carbonyl {amino |- 
quiQoline. 

Structures were verified using nuclear magnetic reso- 
oaoce (NMR) spectroscopy and elemental analysis. The 
structure of the present invention is illustrated as follows: 



2C 



:30 



35 



40 




wherein positions Rt. R?. and R? for the 12 compounds 
discussed herein have the substitution groups listed in Tabic 
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CompoKBd No* 






Rj Croup 


1 


cthri 




meitayl 


2 


etfaqrl 




ethyl 


3 


ettafl 


ctbri 


bydrogen 


4 


meitifi 


medqrl 


etfayi 


5 


mettiyl 




hydrogen 


6 


a-butfi 


a-bayl 


ethyl 


7 




n-biKyi 


hydrogen 




pbenTi 


pfaesirl 


ethyl 


9 


phenyl 


phenyl 


bydrogen 


10 


phenyi 


phenyl 


aieikiyt 


ii 


phenyl 


} -ncihoxyphenyl 


ethyl 


12 


phenyi 


3 •{DcthoQiyphcnyi 


hydrogen 



The substitution groups on the B-ring of the quinoline 
molecule arc not limited to chlorine molecules or to sites 5 
and 7. but rather, any of the halogens fluorine, chlorine. 
6S bromine, or iodine, or hydrogen, nxtro. cyano. fluoromethyl. 
any branched or straifl^t-chained alicyl group containing 
from i 10 4 carbon atoms, any branched or straight-chained 



alkoxy group containing from i to 4 cartwn atoms, any 
branched or straicht-chained alkoxy carbonyl group con- ; 
taining from 1 to 4 carbon atoms, or any branchcdor 
straight-chained acyl group containing from i to 4 carbon 
at<Mm can be subsunited into sites 5-8. To synihcsuc the 5 
forcooing. an aniline compound having the desired substi- 
tution groups is substituted for 3.5-dichloroaniiinc in the 
syndesis dwcribed above. These B-ring substituuons arfca 
the solubiUtv of the molecule and its abiUty to pass through 
the blood-brain barrier. Consequently, interchanging these 

B^ng substimiion groups wiU only change the effective 
dose (ED) of the particular molecuie and not the mteracaon 
of the A-fing with the MMDA receptor complex. Thus, a 
mere accurate iUustration of the structure dcftning the 
present invention is: i5 




20 



25 



Wherein positions R,. R,. and R, have the sanjc substtoition 
groups as those listed in Table 1; and Xj. X^. X,. and A4 are 
selected from the group consisting of hydrogen, fluoro. 
chloco. bromo. iodo. nitro, cyano. fluoromethyl. any 30 
bnncbed or straight-cliaincd alkyl group contaimng from I 
to4 carbon atoms, any branched or straigbt^chained alkoxy 
ooup containing from 1 to 4 carbon atoms, any branched or 
soaight-chaincd alkoxy carbonyl group containing from I to 
4 carbon aroms. or any branched or straight-chained acyl 35 
gjoup containing from 1 to 4 carbon atoms. 

Because of the results found with compounds 1-12. 
hydrogen or any branched or straight-chained alkyl group 
containing from i to 6 cartoon atoms could be substituted at 
either the R, or R. sites and exhibit anticonvulsant acaviiy. 40 
Furthermore, ring substituuons at the R, and R, sites may 
exhibit anticonvulsant activity. We have synthesized deriva. 
lives of 5.7-4ichlorokynurcnic acid havmg either a pipen- 
dine or piperazine substimtion at the R, and R. sites, 
although we have not yet tested these conapounds tec 45 
anticonvulsant activity. The present invention havmg the 
pipcridine substimtion has the foUowing structure: 




50 



53 



wherein position R, has the same substitution groups as that 
Usted in Table 1; and X,. X,. X,. and X4 arc scleaed from 60 
the group consisting of hydrogen, fluoro, chioro. bromo. 
iodo. nitro. cvano. fluoromethyl. any branched or straight- 
chained alkyl group contaimng from 1 to 4 cartoon atoms, 
any branched or straurht-chaincd alkoxy group contaimng 
from 1 to 4 carbon atoms, any branched or straight^hained 65 
aikoxv cartoonvl eroup containing from i to 4 carbon atoms. 
.yc anv branched or straight-chained acyl group coniauuna 
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from i to 4 carbon atonas. The present invention having the 
pipcrazine substitution has the following structure: 






20 



25 
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wherein positioQ has the same substitution groups as that 
15 listed in Tabic i: and Xj, X,, X,. and X^ are selected from 
the group consisting of hydrogen, fluoro. chloro. bromo. 
iodo, nitra cyano. fluoromethyi. any branched or straight- 
chained alkyi group containing from i to 4 carbon atoms, 
any branched or straight-chained aikoxy group containing 
from 1 to 4 carbon atoms, any branched or straight-chained 
aikoxy carbonyl group containing from 1 to 4 carbon atoms, 
or any branched or straight-chained acyi group containing 
from 1 to 4 carbon atoms. 

The present invention also includes any prodrugs or 
pharmaceuticaily acceptable addition salts of the molecules 
described herein. As used in the present application, the term 
''prodrug'' applies to any inactive precursors of the com- 
pounds described herein which are subsequently activated in 
vivo, and ^pharmaceuticaily acceptable addition salt** 
applies to any nontoxic organic ox inorganic addition salt of 
the basic compounds described herein. These salts may be 
add addition salts or basic addition salts. Typical inorganic 
addition salts include those resulting from hydrochloric 
hydrobromtc. sulfuric phosphoric and add o^yi salts 
such as sodiimi mooohydrogen. orthophosphate and potas- 
33 slum hydrogen sulfate. Illustrative organic acids whidi form 
acoepcafale indude mono-, di- and tricarboxyllic adds, 
for example, acetic, glycolic. lactic, pyruvic, malonic. 
succinic, glutaric. fumaric. malic tartaric dtric. ascorbic 
maieic. hydroxymaleic. benzoic, hyroxybenzoic, 
40 phenylacetic. and so forth. Pharmaceuticaily acceptable 
basic addition salts aj^lied to any organic or inorganic basic 
addition salts induding those resulting from alkali metal or 
aUcali-eanh metal hydroxides, ammonia, aliphatic alicydic 
or aromatic organic amines. 
45 Biological Testing — Compounds were screened for anti- 
convulsant activity in male Canvotth Farms no. I mice The 
maximal electroshock (MES). subcutaneous Metrazol 
(pentylenetetrazole) (Met), and tiireshold tonic extension 
(TTE) tests were used to evaluate compounds for anticon- 
50 vulsive activity. A rotorod protocol was used to determine 
neurotoxidty. Solutions for injection we re pre pared in 30% 
polyethylene glycol 400. Except for the TTE tests, animals 
were dosed tp at two different time periods: either 30 min. 
or 4 hr pnat to testing. At each time period, three groups of 
55 four mice were tested at the following dose levels: 30. 100, 
and 300 mg/kg. This treatment protocol was followed for 
MES. Met and rotorod testing. 

Maximal electroshock (MES) induced sdzurcs were elic- 
ited with a 60 cycle alternating current of 50 raA intensity 
60 (five to seven times die intensity necessary to evoke minimal 
electroshock direshold sdzures). Current was delivered via 
corneal electrodes for 0,2 sec. A drop ot 0.9% saUne was 
instilled in the eye prior to application of the electrodes. 
Abolition of the hindlimb tonic extension component of the 
65 seizure was defined as protection. 

In the subcutaneous Metrazol induced seizure threshold 
<:Met> test. 85 rag/kg pentylenetetrazole was administered as 
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a 0.5 *?c solution in the posterior midinc. Protection was 
defined as a tailurc to observe a single episode of clonic 
spasms of at ieast 5 sec. duration during the 30 min. period 
following administration of the convulsive agent. 

The threshold tonic extension ( TTE> test is simiiar to the 5 
MES screen but uses a lower level of electiicai current 
(Piredda ei al., 1985 ). The lower current makes the test more 
sensitive but less discriminate than the MES screen. Twenty 
mice were prctrcated ip with 100 mg/kg of the test com- 
pound. At time intervals of Vz, 1. 2. and 4 hr post lo 
treaimenL 4 mice were challenged with 12.5 raA of electri- 
cal cuirent for 0.2 sec. via corneal electrodes. This current 
produces a TTE seizure in untreated animals. Protection was 
defined as an absence of seizures. Additional TTE testing 
was conducted on compound 10 to determitte the ED^q value i s 
for the observed protective effecL In this case. 6 groups 
containing either 8 or 16 animals were injected ip and tested 
two hours following treamient. Each group received a speci- 
fied dose ranging from 20-500 rag/lcg. An ED^ value was 
detenntned from a log dose-response plot of the resulting 2C 
data. 

Animals were tested for drug induced netirological deficit 
using a rotorod. Either 30 min. or 4 hr after treatmenu the 
animal was placed on a 1-inch diameter knuried plastic rod 
rotating at 6 rpm. Neurological deficit was defined as the 25 
failure of the animal to rexxuin on the rod for 1 min. 

Binding Studies — The procedure of Baron ct al. (1991) 
was used to assay for die inhibition of specific binding at the 
glycine binding site on die NMDA receptor. The labeled 
ligand used in this assay was (^H|-5.7-dichlon>kynurenic 30 
add (15.8 Cl/mmol) from OuPont-New England Nuclear 
(Boston. Mass.). This ligand is reported to have identical 
specificity and higher affinity (Kds29 nM) than j-'l-glycine 
for die binding site (Canton et aL. X992). Inh^ition of 
specific binding was determined for selected compounds at 3S 
a concentration of 10 uM using '1)uffy coat** membrane 
fragments (Jones et al.. 1989). Membranes were prepared 
from rat cerebral concx and assays were conducted in 50 
mM HEFES-KOH buffer (Sigma, St. Louis. Mo.> at pH 7.4. 
Membranes were incubated in a final volume of 1 mL 40 
containing 10 nM |''H|-5.7-dichloroicyntirenic acid. Incuba- 
tion was continued for 15 min. at 4'' C. Nonspecific binding 
was detennined in the presence of 1 mM glycine and 
subtracted. Binding was terminated by ceniiifugation at 
48.000xg for 10 min. Each of the resultant pellets was 45 
washed rapidly with 1 mL ice water and solubtlized widi 1 
mL of a tissue solubiiiza (Solvable. DuFont NEK). The 
solubilized samples were each dissolved in 10 mL 3a70B 
Complete Counting Cocktail (RPL Mount Prospea. fll.). 
Membrane bound radioactivity was detennined using a so 
Beckman LS-5000TD liquid scintillation counter. This 
screening procedure was conducted in thpiicate in diree 
separate tests. Results are presented as percent of control 
(±SEM. standard error of the meani. 

Compound 10 was also screened for activity at the 55 
NMDA-assodated PCP binding site. and. additionally, for 
activity at the GABA-A neuroreoeptor. To detcnnine pos- 
sible effects on PCP binding. N-/ l-(2-lhicnyl^cyclohcxyl)- 
3.4-|■*H|-pipcr^dine ( "1"'HI-TCP") binding was assayed 
using the technique of Johnson et al. ( 1988). TCP is the 6C 
thicoyl derivative of PCP. Binding of |^H|-TCP to the 
.VMDA receptor complex can be modulated by glycine 
agonists and antagonists (Benavides et al.. 19S8). DuPont- 
New England Nuclear was the source for i-'Hl-TCP (44.5 
Ci/mmol». Membranes were preparea as described above. 65 
Assays were conducted in 5 raM Tris-acciatc ipH 7.4) buffer 
containing 10 uM L-dutamic acid and 3 uM glycine, bach 
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sample had a final volume of i mL and contained 2 oM 
I ^Hl-TCP. Nonspecific binding was detennincd in the pres- 
ence of 30 uM PCP and subtracted. Samples were incubated 
at 24"" C. fc^ i hr. Binding was terminated using a Brandel 
5 M-24C ceil harvester employing rapid filtration through 
GF/C glass filters fvesoaJced in 0.1%(v/v)polyethyleniniine. 
Filters were washed rapidly with two 1 mL aliquots of 
ice-cold water. Samples were run in triplicate at six different 
drug concentrations ranging torn i uM to 5 nM. The 
LO experimem was repeated with buffer containing 0.1 mM 
L-glu and no added glycine. Two separate assays were 
conducted for each expehmenL 

Compound 10 was screened for activity at the GABA-A 
neuroreceptor complex using |^H| -muscimol (20.0 
15 Cl/mmol), also from DuPont-New England Nudean The 
filtration method reported by Williams and Risley (1979) 
was used for this assay. Membranes were initially prepared 
as described previously and frozen at -20° C in distilled 
water for 24 hr. After thawing, membranes were resus- 
20 pended in 50 mM Tris-acetate buffer (pH 7.0) which coo- 
taiaed 0.1% (vM saponin (Sigma). The dssue was cennri- 
! fuged at 48.000xg for 20 min. and the resulting pellet was 
resuspended in 30 volumes of 50 mM Tris-acetate buffer ( pH 
{ 7.0) containing 100 mM KCL The tissue was again cenori- 
! 15 fuged at 4g.000xg for 20 min. After decanting the 
j supematanL die pellet was covered with fresh KO contain- 
ing Tris-acetate buffer and frozen for 24 hr. 

On the day of the assay, die tissue was thawed and 
resuspended in 30 volumes of 50 mM Trisaoetate (pH 7.0) 
30 widi 100 mM KCI and cenoif uged at 48.000xg for 20 min. 
This washing procedure was repeated twice. The final pellet 
was resuspended in 32 mL buffer. Membranes were incu- 
bated in a final volume of 1 mL with 5 nM (^Hl-musctmol 
at 4° C. for 30 min. Samples were run in triplicate employing 
35 six different concentrations of compound 10 ranging from 
10 uM to 10 nM. Tlie assay was performed in d up li c ate. 
Each sample, including controls, contained 1.0% dimethyl 
sulfoxide (DMSO) to insure solubilization of the test com- 
pound. Nonspecifrc binding was determined in the presence 
40 of 200 uM ganmia-aminobutyric add (GABA) and sub- 
tracted. Binding was terminated using a Brandel M-24C cell 
harvester employing rapid filtration through GF/C glass fiber 
filters presoaked in 0.1% (v/v) polyethylenimine. Filters 
were washed with I mL cold water. Radioactivity bound to 
45 the filters was determined by scintillation counting. 

Results— TNvelve derivadves of 5.7-dichl<»olcynurenic 
acid were synthesized with an urea substituent at the 
4-posidon. Various hydrophobic di-substitutions were made 
on the terminal nitrogen of the urea group. The lead com- 
. so pound in this series, compound 10. was 2-methyi 
carfooxylate-5.7-dicfaloro-4-| |(diphenylamino>-carbonyl | 
aminol-quinoiine. Diethyl, dimethyl, dibutyi and 
t 3-methoxydiphenyl amino derivadves were also produced. 

Both 2-carboxylic acid and 2-ester derivatives (ethyl and 
: 55 methyl) were synthesized. Each compound was evaluated 
for in vivo andoonvulsant activity using two or three dif- 
ferent testing protocols. An in vivo screening for neurotox- 
icity was also conducted. The results of the tests are sum- 
\ marized in Table 2. 

: 6c Of this group, only compounds 1 and 4 showed no in vivo 
activity, although the TTE test was not perfomied on com- 
pound 1. Compound 3. an N J^-diethylamino derivative, was 
the only analog which proved to be neurotoxic in the rotorod 
'» test Two of the analogs had MES activity: compound 5 at 
. 65 300 mg/lcg and compound 12 at 100 mg/kg. Bodi of these 
r were 2-carboxyiic acids. The other seven compounds all 
) lemonstrated TTE anticonvulsant aaivity at 100 rag^kg. 
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TTE effects were seeo in both acid aad ester derivatives. 
CompouDds with N J^-diethyi. dimethyl, dibutyl. and diphe- 
ayl substituems were active in testing as was the 3-nicthoxy- 
diphenyiamine derivative 11. An ED50 value for TTE activ- 
ity was generated for compound 10: 134 mg/kg (95% Coof 5 
Inc low.7g.5. high-205.7; slope=l.9. S.E.^.44). None of 
these derivatives were active in the Met test even at the 300 
m^kg dose. 



TABLE 2 
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Coopcjuikl No. 


MES 


Met 


TTE 




1 


13001 


13001 


QC 


I300I 


I 


13001 


13001 


LOO 


(3001 


3 


13001 


13001 


liooi 


300 


4 


I300I 


13001 


UOOl 


[3001 


5 


300 


I30DI 


Qt 


(3001 


6 


13001 


13001 


100 


[3001 


7 


{3001 


[3001 


100 


13001 


8 


(3001 


(3001 


100 


13001 


9 


(3001 


13001 


100 


(3001 


10 


(3001 


13001 


100 


(3001 


11 


13001 


[3001 


100 


13001 


12 


100 


13001 


at 


13001 



20 



Qi s not tested 22 

Seven selected compounds were screened for i ''H 1-5.7- 
dicfaloroicynurenic add displacement at a single dose of 10 
uM. These results are repotted in Table 3 as per ce nt of 
control <±S£M). The grcaiest desplacement was seen in 
dedvatives having the 2-caitx>3cylic add. The least was seen ^ 
in oompouiids having 2-etfayl esters. As a groupi. the methyl 
esters fell somewhat in-between. Dose*response curves with 
t^H|-S.7-dicfalorolcynurenic add have na been completed 
due to technical problems with assay at low drug concen- 
aations. 33 



TABLE 3 



Tnt|Ait«wi of (^HV3.7*Diclikjralcyuuicnic Acid Stadstf bjf 
10 ttM Coo L«umuimi i oi Test Compowids 



Compowd No. 


% of Cooooi* 


I 


58 ±8 


4 


57 t 1 


6 


:6i6 


7 


20± 11 


8 


r? ±7 


9 


2315 


10 


42 17 



40 



"Eadft TAlue is the mean x SEM o( cfane decmaBtioiis^ each pmiumjcd m 
oiplKaio. ^ 

Dose-cespoose displacement assays were conducted using 
compound iO and f-'HI-TCP (both witii and without added 
glycine), and (^H]-muscimol. Displacement of MI-TCP 
binding was assayed in the presence of 10 uM L-giutamic 
add and 3 uM glydne. This assay was conducted twice with 33 
triplicate samples and concentrations of test compound 
ranging from 1 uM to 5 nM. Mo significant effect on 
|^H]-TCP binding was observed in this assay. Repetition of 
the TCP displacement experiment with L-giu but no added 
glycine gave similar results over a dose range of 5 uM to 10 60 
oM. A synaptosomal competition binding assay was also 
conducted using compound 10 and the ligand I^Ht- 
muscimoL The purpose of this experiment was to check for 
activity at the GAfiA*A receptor complex. No significant 
effects were observed. 65 

Discussion— Of the twelve 4-urea-5.7-dichlorolcynurenic 
acid derivatives that were synthesized, mne had anticonvul- 
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sam activity. Seven were active in TTE testing at 100 mg^kg. 
and two others, compounds 5 and 12. demonstrated activity 
in MES testing. None of the derivatives were active in the 
Met test, even at a dose of 300 mg/kg. Only one. compound 
3. showed neurotoxicity as evidenced by the rotorod test, 
and this was observed only at a dose of 300 mg/kg. When the 
lipophilic dibutyl and diphenyl groups were placed on the 
tenninai urea nitrogen. TTE activity was observed with both 
ester and caiboxylic acid derivatives. Compound 10. the 
lead compound in the series, had an ED^o of 134 mg/kg io 
TTE testing. Placement of lipophilic diphenyl and dibutyl 
groups on the urea amine may improve drug penetration 
across the Wood-brain bairicr. Only two derivatives, 1 and 4. 
showed no CNS activity. As these compounds had the less 
lipophilic diethyl and dimethyl groins on the terminal urea 
13 nitrogen, they may not have reached therapeutic concentra- 
tions in the CNS. It has been proposed that die low anti- 
convulsant activity seen with the kynurenate class of glycine 
antagonists is due to poor penetration of the blood-brain 
baarier (Rowley et al.. 1993). 
I 20 DaU from die Table 3 demonstrate diat these derivatives 
rag antagonize NMDA-assodated glycine binding. At a 
I c<Micentration of 10 uM all of those compounds tested 
' demonstrated some degree of displacement of | 1-5.7- 
dicfalorokynurenic acid in synaptosomal assays. At the test 
25 concentration, compound 10 produced a displacement which 
was 42% of control Compounds 7 and 9. both of which are 
2-carboxylic adds widi either dibutyl or diphenyl hydro- 
phobic groups on the urea amine, were even bener. with 
displacements in the range of 20-30% of control. Deriva- 
30 tives with ethyl esters at die 2-position were not as active in 
this assay. The observation that compounds 1 and 4 were 
active in the glycine assay, but did not have any in vivo 
effects, supports die contention that they do doc readily enter 
the CNS. The data summarized in Table 3 indicate that this 
33 class of compounds is potentially useful in the treatment ot 
prevention of a multitude of aeitrodegenerative disorders. 

Glycine antagonists such as 7-diiorolcyDurenic acid have 
been shown to decrease binding of phencyclidine-like com- 
pouikds which bind to a recognition site presumed to be 
40 located within the ion channel of the receptor complex 
(Tacconi et al.. 1993). However, at a concentratioo of 1 uM. 
compound 10 demonstrated no significant effect on TCP 
binding eidier with or widiout added glycine. Compound 10 
was also tested in a I 'HI-muscimol competiuon assay to 
45 detennine if the derivative affected GABA binding. No 
significant difference from control was deteaed in this 
pfOtocoL even at a hig^ of dose of 10 uM. 

Based on the results of the anticonvulsant testing, die 
2-caiboxy4-urea quinoline derivatives are able to cross the 
50 blood-brain barrier and reach dierspeutic levels in die CNS. 
Unfortunately, the mechanism of action is still unclear. 
Results from in vitro assays indicate that the urea quinolines 
can interaa at the NMDA glydoe binding site. However, die 
lack of effect on TCP binding at a 1 uM concentration. 
33 suggests diat dicy are not partictdariy potent glycine antago- 
nists. In a similar type of assay using [^Hl-MK 801. 
7-chlorokynurcnic acid had an ICjo (it»hibition 
concentration) in die range of 30-40 uM (depending on 
brain region), and showed UtUe effect at 1 uM (Tacconi et al- 
ec 1993). It could be diat micromolar receptor affinity is 
sufficient for anticonvulsant activity, or the in vivo protec- 
tive effect results from another CNS interactioo. It remains 
to be determined if diese compounds also interaa widi 
sodium channels or odicr sites involved in ncuroexcitation. 
65 If anodier receptor is involved in die in vivo anticonvulsant 
activity, it docs not appear to be the GABA-A receptor, as 
compound 10 had no effect on |-*Hl-muscimoi binding. The 
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fact thai nine of the twelve compounds have demonstrated in 
vivo anticonvulsant activity offers promise tor ctfective 
therapeutic agents from this class ot chemicals. 
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